AD

Award Number: MIPR 8BBIXM8827
TITLE: X-Ray Crystallography of Botulinum Neurotoxins

PRINCIPAL INVESTIGATOR: Martin Sax, Ph.D.
W. Furey
S. Swaminathan

CONTRACTING ORGANIZATION: Veterans Administration Medical Center
Pittsburgh, Pennsylvania 15240

REPORT DATE: March 2000
TYPE OF REPORT: Annual

PREPARED FOR: U.S. Army Medical Research and Materiel Command
Fort Detrick, Maryland 21702-5012

DISTRIBUTION STATEMENT: Approved for public release
Distribution unlimited

The views, opinions and/or findings contained in this report are
those of the author(s) and should not be construed as an official
Department of the Army position, policy or decision unless so
designated by other documentation.

DIEC QUALTTY LNFTZCTED 4 2 0 0 0 0 6 2 7 1 5 5

——————




3

REPORT DOCUMENTATION PAGE

Form Approved
OMB No. 074-0188

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining
the data needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for
reducing this burden to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of

Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503

1. AGENCY USE ONLY {(Leave blank) | 2. REPORT DATE
March 2000

3. REPORT TYPE AND DATES COVERED
Annual (1 Mar 99 - 29 Feb 00)

4. TITLE AND SUBTITLE

X-Ray Crystallography of Botulinum Neurotoxins

5. FUNDING NUMBERS
MIPR 8BBIXM8827

6. AUTHOR(S}
Martin Sax,
S.

Ph.D.,
Swaminathan

W. Furey and

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)
Department of Veterans Affairs Medical Center

Pittsburgh, Pennsylvania 15240

E-MAIL: Vrfpetrin.clpgh.org

8. PERFORMING ORGANIZATION
REPORT NUMBER

9. SPONSORING / MONITORING AGENCY NAME(S} AND ADDRESS(ES)

U.S. Army Medical Research and Materiel Command
Fort Detrick, Maryland 21702-5012

10. SPONSORING / MONITORING
AGENCY REPORT NUMBER

11. SUPPLEMENTARY NOTES

12a. DISTRIBUTION / AVAILABILITY STATEMENT

Approved for public release Distribution unlimited

12b. DISTRIBUTION CODE

13. ABSTRACT (Maximum 200 Words)

Botulinum Neurotoxin type E was purchased, and the protein was crystallized. The best
diffracting crystals were obtained when the toxin was crystallized in the presence of

a peptide from SNAP-25. An isomorphous tungsten derivative has been prepared and

data have been collected to 3.2A resolution. Three heavy atom sites were identified and
used in phasing by the single isomorphous replacement with anomalous scattering

method. The initial low resolution map clearly shows the protein envelop and also

some protein features. Two additional heavy atom derivative candidates have been prepared.

14. SUBJECT TERMS
BD, Botulinum, Neurotoxin

15. NUMBER OF PAGES
10

16. PRICE CODE

17. SECURITY CLASSIFICATION
OF REPORT
Unclassified

18. SECURITY CLASSIFICATION
OF THIS PAGE
Unclassified

19. SECURITY CLASSIFICATION
OF ABSTRACT
Unclassified

20. LIMITATION OF ABSTRACT

Unlimited

NSN 7540-01-280-5500

Standard Form 298 (Rev. 2-89)
Prescribed by ANSI Std. Z39-18
298-102




FOREWORD

Opinions, interpretations, conclusions and recommendations are those of the author and are not
necessarily endorsed by the US Army.

N ]
i L

Where copyrighted material is quoted, permission has been obtained to use such material.

Where material from documents designated for limited distribution is quoted, permission
has been obtained to use the material.

Citations of commercial organizations and trade names in this report do not constitute an
official Department of Army endorsement or approval of thé products or services of these -
organizations.

I\i)ﬂ_ In conducting research using animals, the investigator(s) adhered to the “Guide for the
Care and Use of Laboratory Animals,” prepared by the Committee on Care and Use of
Laboratory Animals of the Institute of Laboratory Resources, National Research Council (NIH
Publication No. 86-23, Revised 1985).

1 f[é | For the protection of human subjects, the investigator(s) adhered to policies of applicable
Federal Law 45 CFR 46.

A conducting research utilizing recombinant DNA technology, the investigator(s)
adhered to current guidelines promulgated by the National Institutes of Health.

N P( In the conduct of research utilizing recombinant DNA, the investigator(s) adhered to the
NIH Guidelines for Research Involving Recombinant DNA Molecules.

N In the conduct of research involving hazardous organisms, the investigator(s) adhered to
the CDC-NIH Guide for Biosafety in Microbiological and Biomedical Laboratories.

\Q\X\M&\\)\\hw\( W\ \L,\lm

PI — Signature Date




FRONT COVER

SF298 REPORT DOCUMENTATION PAGE

FOREWORD

TABLE OF CONTENTS

ANNUAL FINANCIAL AND TECHNICAL REPORT




Comments on administrative and logistical matters.

As described in detail within the first progress report, due mainly to the need to find
suitable replacements for personnel who had left the laboratory, the project actually did
not start (and no funds were drawn) until March 1, 1999. Since the work is expected to
require the full period asked for and approved in the proposal, we therefore would like to
request an extension (at no additional cost) of the original termination date from 9/30/01
to 2/28/03. No additional funding would be required, however we would have to be
allowed to carry the original funds into a new fiscal year.

Describe scientific progress for the period in terms of the tasks or objectives listed in the
"~ statement of work for this contract. Explain deviations where this is not possible. Include
available data. Use additional pages, if necessary.

X-ray Crystallography of Clostridium botulinum Neurotoxins
Annual Progress Report for the Period Ending February 2000

Purified Clostridium botulinum neurotoxin type E (EC 3.4.24.69) precipitated with 60%
ammonium sulfate was purchased from the Food Research Institute, Madison, Wisconsin, USA.
It was stored at 10 °C until the toxin was prepared for crystallization. An SDS gel of the native
toxin showed a single band of 150 kDa. All but about 5% of the protein was in the un-nicked
form. The protein in ammonium sulfate solution was centrifuged in a refrigerated
microcentrifuge for approximately five hours at 5000 rpm. The toxin was recovered by removing
the supernatant and dissolving in 50 mM Hepes buffer, 100 mM NaCl at pH 7.2. This solution
was then dialyzed against 50 mM Hepes buffer, 100 mM NaCl at pH 7.2 for two days to remove
ammonium sulfate completely. The dialysate was changed four times during this period. The
toxin was concentrated using Millipore concentrators to a final concentration of about 8 mg/ml.
Our experience has shown that the above steps have to be carried out very carefully with
minimal disturbance to the toxin. When the toxin was dissolved in a solution care was taken not
to shake the vial but let it sit for awhile until the entire toxin goes into solution. For reasons not
clear yet, this protein behaved differently from the toxin purchased from Porton town, UK and
we had to change the crystallization conditions. However, the crystals obtained were of a
different morphology and were very thin plates. The diffraction quality was not very good.
Microseeding produced better crystals but still the diffraction quality was poor. We could collect
native x-ray diffraction data to 3.3A resolution only.

In our studies with Clostridial botulinum neurotoxin type B crystals we had found that
when it is incubated with a VAMP 36mer peptide, the diffraction quality improved. We wanted
to try a similar technique with BoNT/E by incubating the toxin with a polypeptide of SNAP-25,
a substrate of this neurotoxin. Dr. James Schmidt of USAMRIID sent us a 46mer of SNAP-25
which we used for crystallization of BoNT/E. These trials gave better crystals with a different
morphology . A picture of the new crystals follows (Fig. 1).

o



Figure 1: Crystals of Clostridium botulinum neurotoxin type E

These crystals diffract to at least to 2.5A resolution and a native data set was collected at
liquid nitrogen temperature. Crystals belong to the space group P2, with unit cell dimensions a =
81.4, b = 172.6, ¢ = 137.3A and P = 99.8°. In spite of flash freezing the crystal, we observed
deterioration in diffraction quality over time due to crystal decay in the beam. A pseudo-
precession picture of the hOl zone is shown in Fig. 2. The data set is 80% complete to 2.5 A
resolution, with the highest shell complete only to 25%. However, the data set is 98% complete
to 2.74 A. The overall R,,n is 0.086 with a redundancy of 3.5. Though we know that the presence
of the SNAP-25 peptide improves the quality of the crystal, we have no explanation for this yet.




se .
mee o sunss 'Y -
™ ‘me m ses swes es er e+ we w  ewmane-s
see ™ ) . sue
» ree @ - L] ae *- m = [
. " . ow- com -
@ segre-seseses ssmves TE . = " e
...... . “en .w emomnen ™ vee o
@-%es--sesas- Bees sesnes Bamesaencsons ‘. . a
susgmrvrome o " *m seems s rgep wses o ®en me
. s a9 03 -musuc ofinlly vem v s .
------------ . ases wme* m meem*s nusulremse v we .
--------------- Be "o NUCEETH R ES® ‘BURMET v-sesss cw-
» smss  cessse @ W @6 CEEEEIENTSTS B -POWEE g MEecevesmis-- B @ T
----- @ eves: se ssmall -wuem » me - en .
meee sascmnnue [] . e (1} [] . »
) » e m e uwsess us ™ ‘W mees  emws wwbs
----- [RL} e (L] L] [] reum (K3}
------- . 8w avs mee moesne .- .
L] enc: we nes = .- [ 2111 ]
[N ] [] " ssun- Wen wesver
s e as g s . @ N CEEON W SCUTHEPANANS @ sem BEcer
B T T + weses-v semsm: smE'e BeumowE §lesce WM ‘see scesmse o e
e« + sg e ssgesHpEED B RCED M- Ope® S88N > 2 eesLRTEsRme
ssacs mes plalle cuEED-  Pes o> = @ @
(XX ‘mem L] e w u [T}
- . a- e saspaficeccese veonn ceBvme--Ban- as esewn
» Wrepemeres ., meges ¢ e weew .
e m s a e s@B - sewvsr seesean-ve mee @
- ‘mee " . » -
L] LI ] L] [] . [] L]
ame ' ™

---------------
-------

Figure 2: A pseudo precession picture of the hOl zone diffraction pattern from a BoNT/E
native crystal. Data were collected at liquid nitrogen temperature from a flash frozen crystal at
the NSLS beam line X25. The edge of the diffraction pattern corresponds to 2.5 A resolution.

All Clostridium botulinum neurotoxins share significant sequence homology and are
expected to have a similar fold. This prompted us to try the Molecular Replacement method to
determine the structure using the recently determined high resolution crystal structure of
BoNT/B as a search model. Various attempts with different software packages did not yield any
reasonable solution. Splitting the BONT/B model into three separate domains did not help. Using
the crystal structure of BONT/A (3.3A resolution structure) also did not work. A probable reason
may be that while BoONT/A and B are di-chain proteins, BONT/E is a single chain protein, which
might cause some differences in the conformation.

In view of the above, we have decided to use the Multiple Isomorphous Replacement
with Anomalous Scattering method (MIRAS) and/or the Multiple Anomalous Dispersion (MAD)
technique. Accordingly, we have started heavy atom derivative searches by soaking BoNT/E
crystals in different heavy atom reagents. So far we have identified three derivatives, viz.
platinum, osmium and tungsten. We have collected tungsten derivative data to 3.2A resolution.
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When compared with the native data it gave a R,,, value of 0.14. The Harker section for the
anomalous difference Patterson map is given in Fig. 3. Three heavy atom sites have been located
and are labeled as 1, 2 and 3 in the map.

Figure 3. Harker section U 1/2 W.




We then computed phases using 4A resolution data with these three sites by the SIRAS
method (Single Isomorphous Replacement with Anomalous Scattering). The figure of merit and
correlation coefficients are 0.80 and 0.81. The phases were further extended to reflections up to
3.0A resolution. A 12A slab of the solvent flattened map projected down the b axis is given in

. Fig. 4. The boundaries of the protein molecule are well defined and in the section shown we
could also see long helices, probably belonging to the translocation domain.

Y= 0.00 - 0.07

1.000
Figure 4. A 12A projection of the map viewed down the b-axis.




Provide a brief statement of plans or milestones for the next quarter.

In the next quarter, we will be collecting derivative data from crystals soaked in osmium,
platinum and other potential derivatives. Ideally, we would like to collect three
wavelength data sets (or at least two wavelengths) from each derivative to use the MAD
procedure to reduce errors due to scaling the native and derivative data. This was
successfully done in the case of the BoNT/B structure determination. However, in the
case of BoNT/E the crystal decay poses a problem. We are trying to improve the cryo-
conditions and hope that the crystal will be more stable in the beam. When data from
platinum and osmium derivatives are collected, we will determine the heavy atom
positions by the cross Fourier technique and compute an electron density map to trace the
chain.



